This flora is intended to serve as an image voucher for samples analyzed for the U.S. Geological Survey Southeast Stream Quality Assessment (SESQA). The SESQA study included measurement of watershed and water quality parameters to determine the factors that have the greatest potential to alter biotic condition. Algal samples were collected at 108 sites in 2014, from streams representing gradients in chemical and physical alteration across the southeast region. More than 375 taxa were identified during analysis for species composition and abundance. This manuscript documents the flora with light micrographs of specimens representative of their morphologic range. We define "voucher flora" as images of specimens and the names applied to those specimens for a given project. Taxonomic vouchers from federal programs have generally not been made public, yet they are a salient element of a well-documented species dataset, particularly for long-term studies. This study is part of a broader effort to improve and encourage taxonomic consistency in federal, state and local programs by accessible identification resources and inter-lab comparisons.
INTRODUCTION
Species composition and abundance of diatoms in streams and rivers are a crucial measure of biotic condition (Davies & Jackson 2006) , as diatoms are sensitive to impacts caused by human activities such as urbanization, flow alteration, and the loading of contaminants, nutrients and sediment. Regional surveys of rivers by the U.S. Geological Survey (USGS) National Water Quality Assessment Program (NAWQA) are designed to evaluate the effects of these stressors on aquatic organisms, including diatoms. The Southeast Stream Quality Assessment (SESQA) study characterized watershed and water quality parameters, with the goal of determining the factors that have the greatest potential to alter biotic condition across the region (Journey et al. 2015) .
The practice of depositing voucher specimens in permanent archives is an accepted component of biological surveys, across a range of organisms, for providing a means to verify taxonomic identity (Huber 1998) . For federal programs, permanent slides are typically archived in public herbaria, such as the Academy of Natural Sciences of Drexel University (ANS). In practice, however, analysts generally do not designate specimens (circled specimens) documenting voucher specimens, even though it is a requirement (Charles et al. 2002) . The effort to document each individual specimen for most surveys is so great, that vouchers are simply not designated. While designation of voucher specimens on slides is labor-and cost-prohibitive, a series of images to document the specimens is not. Furthermore, sets of digital images encompassing the morphological range of voucher specimens are more practical than circled specimens, because voucher images are easily distributed and accessible by many users. For floristic surveys, it is recommended to archive permanent slides, and to document names applied to representative images of species by the taxonomists working on that survey.
We define this flora as a "voucher flora", which 1) is tied to specimens that are publicly available in herbaria; 2) promotes consistent application of names by analysts working on a project; 3) allows verification of specimens through images, so that taxonomic practice is transparent; 4) allows for reinterpretation of specimens and names at a later date; and 5) is especially important for long-term ecological studies, in which taxonomic consistency is vital. An example of such a voucher flora is the PIRLA iconograph (Camburn et al. 1986 ). The iconograph was published as a series of images to coordinate workers collaborating on diatom identification from sediment paleorecords of lakes in the northeast US.
A traditional flora, in contrast, serves as a practical guide to others, typically documenting species of a particular region or a taxonomic group. We define a voucher flora as a different type of document, in that it is not a guide to diatom identification. Instead, a voucher flora records specimens, their designation and a permanent record to support quantitative analysis. As such, scientific names may not be of primary importance in a voucher flora, but they serve to verify the practice of the scientific work. In the United States, federal and state programs have included diatoms in assessment since the early 1990's. Image documentation of species and their occurrence in lake and stream surveys, however, has been incomplete (Kociolek & Kingston 1999) . These voucher floras in support of species count data need to be made public. The primary purpose of this voucher flora is to serve as an image voucher for samples analyzed for the SESQA study (Table 2) .
While a number of works have been published on diatoms of the southeast U.S. (Hohn & Hellerman 1963 , Patrick et al. 1966 , Dillard 1967 , Camburn et al. 1978 , those publications were not widely available and some continue to receive little attention. Since the implementation of large-scale surveys by federal agencies (Barbour et al. 1999 , Moulton et al. 2002 , Miller et al. 2012 , the use of European keys has been favored because of their perceived inclusiveness and wide availability. Many of taxa recognized in early studies have been overlooked in recent surveys and coerced into incorrect names. Inter-lab comparisons have made a significant improvement in coordination of analysts working in different countries (Kahlert et al. 2009 , Kelly 2013 , Kahlert et al. 2016 , particularly for the coordination efforts to be made prior to analysis. This voucher flora is a part of a broader effort to improve taxonomic consistency in federal, state and local programs by communicating taxonomic practice and providing accessible identification resources (Spaulding et al. 2010) .
This voucher flora will facilitate evaluating the effects of urbanization, agriculture and altered hydrological regime on diatom biotic condition. In general, algal assessments have focused on dominant and widely occurring diatom species (Manoylov 2014) . Rare taxa are often down-weighted or omitted, yet these taxa are decisive in distinguishing reference from impacted sites in mountainous regions (Potapova & Charles 2004 , Gillette et al. 2011 . In this study, we directed additional effort to documenting rare taxa for inclusion in assessment. Rare taxa are more likely to occur in sites with less human impact (Potapova & Charles 2004 ), yet it is likely that rare taxa are less consistently identified correctly and are "lost" in the analysis by being reported at the genus level, rather than at the species level.
The southeastern region is defined here as within Level III Ecoregions (Ridge and Valley, Blue Ridge, Piedmont and Southeastern Plains) (Omernik 1987) including five large urban areas, Washington D.C., Atlanta, GreenvilleSpartanburg, Charlotte and Raleigh-Durham. Annual precipitation ranges from 94-214 cm year -1 over the region. Soils are largely clay and are generally poor in nutrients. Stream reaches were selected to cover urban, agricultural and hydrologic gradients. In addition, five sites were chosen to represent high agricultural influence, based on proximity to large poultry operations. Reference sites were located primarily in areas with minimal watershed disturbance (Journey et al. 2015) .
MATERIALS AND METHODS
Perennial, wadeable stream sites were sampled for attached algal communities in August of 2014 using the NAWQA richest targeted habitat (RTH) field protocol (Moulton et al. 2002;  Table 1 ). Habitats were sampled to capture the greatest diversity of organisms within the stream reach, typically from riffles, although samples were collected from woody snags when riffles were not present within the reach. Periphyton biofilms were scraped using a specialized brush (a single brush was used for each stream to prevent cross contamination) from 11 natural substrates and combined into a single composite sample. A total sample area of 150 cm 2 was targeted from each reach. Samples were preserved with unbuffered formalin (final sample concentration of 5%) and transported to the laboratory for processing.
In the laboratory, subsamples of the periphyton slurry were digested with concentrated nitric acid, using an Anton Paar microwave digester to remove organic matter. Digested samples were repeatedly rinsed with distilled water and centrifuged to obtain cleaned material. Subsamples were poured onto four replicate cover slips within Battarbee chambers (Battarbee 1973) . Each coverslip was mounted using Naphrax (Brunel Microscopes Ltd) or Zrax (MicrAP Enterprises) mounting medium. The remaining cleaned material was dried and archived in vials at the INSTAAR Diatom Collection, University of Colorado. The flora presented in this manuscript represents the reconciled working flora that two independent analysts used during the counting process to promote taxonomic consistency in the SESQA survey of 108 sites. Prior to sample analysis, approximately 80% of the slides were examined and specimens representing the taxa present and their range of variation were imaged. The initial documentation produced nearly 1200 images, far more than could be practically presented in a manuscript, that analysts collaboratively organized into a working flora. Additional taxa were imaged and added as they were encountered during the formal analysis. All slides were examined under the light microscope using differential interference contrast (DIC) with a 100x oil immersion objective (Olympus BX53F). Efforts were made to document the morphological range of each species, with several digital micrographs for most taxa, in order to characterize the southeast flora. By developing a working flora, the analysts were able to identify species from a common document. Once the formal analyses were completed, key images were selected for inclusion in this voucher. The works of Camburn et al. (1978) , Kociolek & Kingston (1999) , Lowe et al. (2007) , Johansen et al. (2008) , Furey et al. (2011) and Siver & Hamilton (2011) , along with additional resources, were consulted to determine formal species names. Johansen et al. (2008: 368) , Stephanodiscus Ehrenberg (1845: 72) , and Thalassiosira Cleve (1873: 6) . This group of diatoms, however, is typically found in planktonic habitats, rather than associated with benthic, attached algae. A number of the sites were below reservoir impoundments, and planktonic species can be incidental as they are swept downstream and included in stream collections (Stevenson & Peterson 1991) . More taxa (43) Mereschkowsky (1902: 186) (25) . Comments on autecology and water quality preferences are provided in the "taxon pages" for many species in the Diatoms of the United States online flora (Spaulding et al. 2010) . Taxa within the genus Fragilaria were highly diverse and likely include species complexes that were not amenable to consistent distinction into species. For example, the "species" shown here (Plates 3-4) are separated into 19 morphological species. The high diversity of forms, however, and number of "groups" that we were not able to formally name, lead us to believe that we were not able to adequately separate species using light microscopy. There are likely a great number of taxa present, but we are not able to distinguish them in a meaningful way. Others have also reported that the identification of species within the Fragilaria capucina complex, along with other key groups, has proven to be problematic in assessments (Lavoie et al. 2008 , Kahlert et al. 2012 , Kahler et al. 2016 . Similar to the species complexes within Fragilaria, there are swarms of closely related taxa, particularly in Gomphonema and Nitzschia, that we were able to treat only in the broad sense. The southeast states have been shown to possess a unique flora, with characteristic taxa (Desianti et al. 2015 , Potapova 2014 ) and high species richness, particularly in Achnanthidium Kützing (1844: 75) , Eunotia, Gomphonema and Sellaphora.
The genus Achnanthidium is particularly rich in the southeast (Ponader and Potapova 2007) and includes potential species complexes that we were not able to distinguish. The images here (Plate 7, show the taxa, including undescribed species, within Achnanthidium. Several of these taxa reach their greatest abundances in the streams with the steepest gradients, in sites of the Blue Ridge and Ridge and Valley ecoregions.
The genus Navicula, in the strict sense of the genus, had the greatest species diversity (Plates 8, 9, (70) (71) (72) (73) . Note, however, that several of the species included here (N. ingenua Hustedt (1957: 19) , N. kotschyi Grunow (1860: 538) , N. dibola Hohn (1961: 162) , N. cryptocephala var. perminuta (Grunow in Van Heurck) Cleve (1895: 14) and N. nugalis Hohn & Hellerman (1963: 37) ) lack the features of Navicula sensu stricto and will, at some point, be transferred to other genera.
Sellaphora also had high diversity (Plate 13, (60) (61) (62) 69, 74) . For many of these taxa, we were not able to determine formal names and they are presented here with provisional designations. Most undescribed species were found in low abundance, so their range of size and morphology has not yet been characterized. Of the formally described species, many are only known from the southeast states (Enache & Potapova 2009 , Potapova & Ponader 2008 .
Lastly, several taxa could not be identified, and likely belong to species that have not yet been described by science. These taxa are indicated by provisional names that are specific to this survey, for example, "Staurosira sp.1 SESQA". Note that the same undescribed taxon could have a different provisional designation in another survey. An important function of this manuscript is to visually document these taxa that have not yet been described. It is our intent that thorough documentation of taxa within each survey will allow later coordination.
DISCUSSION
We see the increased importance and need for voucher floras, as defined here, and as distinct from identification floras. The purpose of this voucher flora is to document both the described and undescribed diatom taxa present in the material collected during the 2014 SESQA regional survey. Many of these taxa are rare and were not encountered during the counting process. These taxa were not included in the formal analysis of abundance count data, as they were only encountered in the initial process of constructing the flora, through a visual screening of the microslides. The initial image library served as the primary means to coordinate multiple analysts, so that analysts could refer to each taxon in a consistent manner for sample identification and enumeration. The use of this voucher flora by analysts, in conjunction with other newly implemented quality assurance methods, was effective in preventing measurable "analyst effect" (Bishop et al. in prep) . This voucher flora represents a reduced version of that working flora, with specimens selected to show the greatest size and morphological range for most taxa.
Already, this effort has been effective in promoting taxonomic consistency and the voucher flora will serve to document the identity of species in southeast rivers. Taxonomic vouchers from federal programs are a crucial step in producing a well-documented species dataset, particularly for long-term studies such as the US Geological Survey Status and Trends program (Rowe et al. 2010 ). This study is part of a broader effort to improve taxonomic consistency in federal, state and local programs by accessible identification resources and inter-lab comparisons. E. tenella. Fig. 13 Fig. 31 . Navicula sanctaecrucis. Fig. 32 . Navicula sp.23 SESQA. Fig. 33 . Prestauroneis integra. Scale bars: 10 μm. Figs 9-10. Placoneis neglecta. Fig. 11 . P. anglophila. Fig. 12 . P. placentula. 
